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(54) Coordinate input device 

(57) There is provided a highly precise coordinate 
input device not requiring a particular designating tool. 
A sheet (4), composed of a piezoelectric plate polarized 
in the direction of thickness, is superposed with a vibra- 
tion transmitting plate (8), provided with vibration sen- 
sors (6) in predetermined positions. The sheet 
generates vibration by a pulse signal generated by a 
sheet driver. When the sheet (4) is pressed for example 
with a pen (3), the vibration is transmitted to the vibra- 



tion transmitting plate (8) from the pressed position, and 
is detected by the vibration sensors. A controller (1) cal- 
culates the distance between the vibration input point 
and the vibration sensor (6), based on the delay time 
from the start of vibration to the detection. This opera- 
tion is conducted for the plural sensors (6), and the 
coordinate is calculated from thus calculated distances. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present invention relates to a device for detect- 
ing an elastic vibration by plural sensors provided on a 
vibration transmitting plate and detecting the coordinate 
of the position of vibration input based on the transmit- w 
ting time of such elastic vibration. 

Related Background Art 

For determining the coordinate, there are already is 
known various methods, such as the resistive film 
method, the electro-magnetic induction method, the 
electrostatic coupling method, the ultrasonic wave 
method. The resistive film method allows the input for 
example with a finger, not requiring an exclusive input 20 
pen, but is inferior to the latter three methods in the pre- 
cision of the coordinate calculation. On the other hand, 
the electromagnetic induction method and the electro- 
static coupling method are superior to the resistive film 
method in the precision of the coordinate calculation, 25 
but necessitates an exclusive input pen, thus not allow- 
ing the input with a finger and is expensive in cost. 

On the other hand, within the method utilizing the 
ultrasonic wave, there is known, for example, a coordi- 
nate input device for detecting the vibration with plural 30 
vibration detecting means provided on a vibration trans- 
mitting plate, and detecting the transmission time of the 
vibration wave from the vibrating pen to each vibration 
detecting means, thereby determining the position of 
the vibrating pen. In such coordinate input device, the ss 
coordinate is calculated by detecting the l-amb wave 
propagating in the vibration transmitting plate, based on 
a delay time tg relating to the group velocity Vg of the 
vibration and a delay time tp relating to the phase veloc- 
ity Vp of the vibration. This method allows the coordi- 40 
nate input a higher precision in comparison with the 
resistive film method, and is more advantageous in cost, 
because of its simpler configuration, in comparison with 
the electromagnetic induction method and the electro- 
static coupling method. 45 

There is also proposed a method of calculating the 
coordinate by driving a vibrator driving circuit of the 
vibration input pen in a state not synchronized with the 
calculation control circuit. This method can provide an 
input device with good operability, without the signal so 
cable between the input pen and the main body of the 
device. 

However, the at)ove-mentioned conventional input 
devices utilizing the ultrasonic wave have been associ- 
ated with the following drawbacks. 55 

The input pen for entering the coordinate has to be 
an exclusive pen involving a mechanism for generating 
the vibration. Consequently the input for example with a 
finger cannot be realized. 



Also the ultrasonic method capable of eliminating 
the connecting cable still requires an exclusive pen for 
generating the vibration, and such exclusive pen has to 
be provided with a circuit for generating the vibration, a 
battery as the power source etc. Thus, in consideration 
of the running cost of the battery, such exclusive pen is 
inferior to the pressure input method (for example input 
with finger or with a pen-shaped utensil with a pointed 
end). 

In consideration of the foregoing, the present inven- 
tion is to provide a coordinate input device which can 
realize a high precision without an exclusive coordinate 
indicating utensil, and which can be manipulated for 
example with a finger. 

SUMMARY OF THE INVENTION 

An object of the present invention, in an embodi- 
ment thereof, is to provide a coordinate input device 
comprising: 

a vibration member for generating vibration; 
a vibration transmitting member laminated with the 
vibration member and adapted to transmit the 
vibration from a vibration input point; and 
calculation means for detecting the vibration at pre- 
determined positions of the vibration transmitting 
member, and calculating the coordinate of the 
vibration input point by measuring the delay time 
from the input of the vibration at the vibration input 
point to the detection of the vibration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a view best representing the configuration 
of an embodiment of the present invention; 
Rg. 2 is a block diagram showing the internal con- 
figuration of a control circuit; 
Fig. 3 is a timing chart of the signal processing; 
Rg. 4 is a block diagram of a signal detection cir- 
cuit; 

Fig. 5 is a chart showing the relationship between 

the distance from the vibration input point to the 

sensor and the delay time; 

Fig. 6 is a schematic view showing the principle of 

coordinate calculation; and 

Fig. 7 is a block diagram showing the configuration 

of a second embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[First embodiment) 

Now the present invention will be clarified in detail 
by preferred embodiments thereof, with reference to the 
attached drawings. 

At first reference is made to Fig. 1 for explaining the 
entire configuration of the coordinate input device 
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embodying the present invention. A controller 1 controls 
the entire device and also calculates the coordinate 
position. A sheet driver 2 causes a vibration in a piezo- 
electric sheet layer 4. The sheet 4 In the present 
embodiment is connposed of piezoelectric ceramics 
(such as PZT). is polarized in the direction of thickness 
of the sheet, and has electrodes, on both faces of the 
sheet, for generating vibration in the sheet. A uniform 
vibration is induced in the direction of thickness of the 
sheet 4, by driving the sheet 4 with the sheet driver 2. 
An efficient conversion into the vibration can be realized 
by matching the vibration frequency of the sheet 4 with 
the resonance frequency in the direction of thickness of 
the sheet 4. In the present embodiment, the vibration 
frequency of the sheet 4 is so selected as to generate a 
Lamb wave in a propagation layer 8. but other vibration 
modes may naturally be employed also. 

The propagation layer 8. for transmitting the vibra- 
tion, is composed of a metal or an alloy such as alumi- 
num, iron or copper, and, when the sheet 4 and the 
propagation layer 8 are brought into mutual contact by a 
pressure with a finger or a pen-shaped tool (not shown), 
the vibration generated in the sheet 4 is transmitted to 
the propagation layer 8. In the present embodiment, the 
sheet 4 and the propagation layer 8 are provided in a 
mutually contacting relationship, but. even in such 
arrangement, the sheet 4 and the propagation layer 8 
are acoustically insulated by an air layer, so that the 
vibration generated in the sheet 4 is not transmitted to 
the propagation layer 8 unless the sheet 4 is pressed 
with a sufficient pressure to the propagation layer 8. 
Stated differently, the level of the vibration (signal) 
entered with a sufficient pressure is sufficiently different 
from the level of the vibration (noise) entered by the 
contacting arrangement of the two, so that the perform- 
ance of the device of the present invention is not at all 
affected by such arrangement. It is naturally possible 
also to adopt a configuration of intentionally forming a 
gap between the sheet 4 and the propagation layer 8 to 
form an air layer therebetween or to form, between the 
sheet 4 and the propagation layer 8, an intermediate 
layer which does not transmit the acoustic wave in the 
ordinary state but transmit such acoustic wave from the 
sheet 4 to the propagation layer 8 only under a pressure 
for the coordinate input. 

An upper case 5 constitutes a part of the outer cas- 
ing and defines an effective area for the coordinate 
input. 

The vibration generate in the sheet 4, when entered 
into the propagation layer 8, propagates therein and is 
reflected at the end face of the propagation layer 8. 
Thus, in order to avoid (attenuate) the reflection of the 
vibration toward the central area, an anti-vibration mem- 
ber 7 is provided on the outer periphery of the propaga- 
tion layer 8. Also in the peripheral area of the 
propagation layer 8, there are f ixed plural vibration sen- 
sors for converting mechanical vibration into electric 
signals, such as piezoelectric elements. The signals 
from the vibration sensors 6 are amplified by an ampli- 



fying circuit, not shown, and then supplied to a signal 
waveform detector 9 for signal processing, of which 
result is supplied to the controller 1 for the coordinate 
calculation. The details of the signal waveform detector 

5 9 and the controller 1 will be explained later. 

The piezoelectric sheet 4 is driven by the sheet 
driver 2. The driving signal for the sheet 4 is supplied 
from the controller 1 in the form of a tow-level pulse sig- 
nal, which is amplified with a predetermined gain In the 

10 sheet driver 2 and then applied to the sheet 4. The drive 
signal is for example composed of an alternating volt- 
age of 500 kHz, applied with a sampling frequency of 
100 kHz. The electrical drive signal is converted by the 
sheet 4 into a mechanical ultrasonic vibration, which is 

15 transmitted to the propagation layer 8 when the sheet 4 
and the propagation layer 8 are brought into mutual con- 
tact under a sufficient pressure. 

Though the present embodiment employs plural 
sensors 6 for detecting the vibration, the following 

20 description will be given only for a single sensor, for the 
purpose of simplicity. 

(Controller) 

25 In the configuration explained atx)ve, the controller 
1 releases a signal, at a predetermined interval (for 
example 5 ms) for causing the sheet driver 2 to drive the 
sheet 4, and starts time counting by an Internal timer 
(composed of a counter). When the sheet 4 is contacted 

30 with the propagation layer 8 with a sufficient pressure, 
the vibration generated in the sheet 4 is transmitted to 
the propagation layer 8. The contacting point of the 
sheet 4 and the propagation layer 8 is defined as the 
vibration input point. The vibration entered into the prop- 

35 agation layer 8 is detected by the vibration sensor 6, 
after a delay corresponding to the distance from the 
vibration input point to the vibration sensor 6. 

The vibration waveform detector 9 detects the sig- 
nal from the vibration sensor 6 and generates a signal 

40 indicating the timing of arrival of the vibration to each 
vibration sensor through a waveform detecting process 
to be explained later, and. in response to this signal, the 
controller 1 detects the vibration transmitting time to the 
vibration sensor 6. The coordinate position of the vibra- 

45 tion input point is calculated, based on the vibration 
transmitting times from the plural vibration sensors and 
through a process to be explained later. 

Hg. 2 is a schematic block diagram of the controller 
1 of the present embodiment, and the components and 

50 functions of the controller 1 will be explained in the fol- 
lowing. 

A microcomputer 31 controls the controller 1 and 
the entire coordinate input device, and is provided with 
an internal counter, a ROM storing the control 
55 sequence, a RAIVI used for the calculation, a non-vola- 
tile memory for storing constants etc. A timer 33 is com- 
posed for example of a counter for counting reference 
clock signals, not shown, and starts time counting in 
response to the entry of a start signal into the sheet 
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driver 2 for initiating the drive of the sheet 4. In this man- 
ner the start of the time counting can be synchronized 
with the detection of the vibration by the vibration sen- 
sors 6, and there can be measured the vibration trans- 
mitting time until the vibration is detected by the 
vibration sensor 6. 

The vibration arrival timing signal released from the 
vibration waveform detector 9 and indicating arrival of 
the vibration at the vibration sensor 6 is supplied 
through a detection signal input port 35 to a latch 34, 
which in response latches the time count of the timer 33. 
A determinator 36, upon discriminating the reception of 
the detection signal, sends a corresponding signal to 
the microcomputer 31. As there are plural vibration sen- 
sors in practice, the latch is adapted to latch the time 
counts corresponding to the vibration arrival timing sig- 
nals from such plural vibration sensors, and the deter- 
minator 36 judges the reception of the detection signals 
from all the sensors required for the coordinate calcula- 
tion. 

In response to the signal from the determinator 36. 
the microcomputer 31 reads, from the latch 34, the 
transmission delay times to the vibration sensors, then 
calculates the coordinate position of the vibration input 
point on the propagation layer 8 through a predeter- 
mined calculation, and releases thus obtained coordi- 
nate information to an external equipment through an 
I/O port 37. 

(Detection of transmission delay time of vibration (Figs. 
3 and 4)) 

Fig. 3 is a view showing the detected waveform 
supplied to the signal waveform detector 9 and the proc- 
ess of measuring the vibration transmitting time based 
thereon. 

As already explained in the foregoing, the measure- 
ment of the transmission delay time of the vibration to 
the vibration sensor 6 is started simultaneously with the 
supply of the start signal to the sheet driver 2. At this 
point, a drive signal 41 is supplied to the sheet 4 from 
the sheet driver 2. In response to the signal 41 , the 
ultrasonic vibration transmitted from the sheet 4 to the 
propagation layer 8 at the vibration input point propa- 
gates to the vibration sensor 6 within a time correspond- 
ing to the distance thereto and is detected by the 
vibration sensor 6. A signal 42 in Fig. 3 indicates the sig- 
nal waveform detected by the vibration sensor 6. 

As explained in the foregoing, the vibration 
employed in the present embodiment is Lamb wave, in 
which the propagating velocity of the envelope 421 of 
the detected waveform (group velocity Vg) is different 
from that of the phase 422 (phase velocity Vp). Conse- 
quently, the relationship between the envelope 421 and 
the phase 422 of the detected waveform varies depend- 
ing on the propagating distance in the propagation layer 
8. In the present embodiment, the distance between the 
vibration input point and the vibration sensor 6 is 
detected from a group delay time tg based on the group 



velocity Vg and a phase delay time tp based on the 
phase velocity Vp. 

Fig. 4 is a block diagram of the vibration waveform 
detector 9. In the following there will be explained a con- 

5 figuration for detecting the group delay time tg and the 
phase delay time tp for each vibration sensor, with refer- 
ence to Figs. 3 and 4. 

The output signal 42 of the vibration sensor 6 is 
amplified by a pre-amplifier 51 to a predetermined level, 

10 and is subjected to the removal of unnecessary fre- 
quency components by a band pass filter 51 1 to provide 
a signal 44. The envelope of the waveform of this signal 
propagates with the group velocity Vg, and the delay 
time tg relating to the group velocity Vg can be obtained 

15 by detecting a particular point on this waveform, such as 
the peak or the inflection point of the envelope. Thus the 
signal obtained through the pre-amplifier 51 and the 
band pass filter 51 1 is supplied to an envelope detector 
52. composed for example of an absolute value circuit 

20 and a low pass filter, to obtain the envelope 45 only of 
the detected signal. Then a gate signal generator 56. 
composed for example of a multivibrator, forms agate 
signal 46, corresponding to a period where the enve- 
lope 45 exceeds a predetermined threshold level 441 . 

25 As explained above, the group delay time tg relating 
to the group velocity Vg can be obtained by detecting 
the peak or the inflection point of the envelope. The 
present embodiment utilizes the detection of a first 
inflection point of the envelope (downshift zero-cross 

30 point of a signal 43 to be explained later). For this pur- 
pose the signal 45 released from the envelope detector 
52 is supplied to an envelope inflection point detector 53 
to obtain a twice differentiated waveform 43, which is 
compared with the above-mentioned gate signal, 

35 whereby a tg signal detector 54, composed for example 
of a multivibrator, generates a tg signal 49 having a pre- 
determined waveform and constituting a detection sig- 
nal indicating the envelope delay time, for supply to the 
controller 1. 

40 On the other hand, the phase delay time tp relating 
to the phase velocity Vp is detected in the following 
manner. A tp signal detector 57, composed for example 
of a zero-cross comparator or a multivibrator, for detects 
ing the phase delay time tp, detects the first upshift 

45 zero-cross point of the phase signal 44 during the pres- 
ence of the gate signal 46, thereby providing a signal 47 
indicating the phase delay time tp to the controller 1 . 

The foregoing description is limited to the case of a 
single sensor, but there may be provided same circuits 

50 corresponding to the plural sensor, or a single circuit 
may be commonly utilized for the plural sensors on 
time-sharing basis utilizing for example an analog 
switch. 

55 (Calculation of distance between the vibrating pen and 
sensor (Fig. 5)) 

The distance from the vibrating pen to each vibra- 
tion sensor is calculated, from thus obtained group 
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delay time tg and phase delay time tp, in the following 
manner. 

Fig. 5 is a chart schematically showing the relation- 
ship between the group delay time tg or the phase delay 
time tp and the pen-sensor distance L As the present 
embodiment employs the Lamb wave for detection, the 
group delay time tg does not necessarily show satisfac- 
tory linearity. Consequently the distance L between the 
vibration input point and the vibration sensor 6 cannot 
be determined with a high precision when it is calcu- 
lated as the product of the group delay time tg and the 
group velocity Vg as in the equation (1): 

L=Vg-tg (1) 

The coordinate can be determined with a higher 
precision according to the equation (2) employing the 
phase delay time tp of superior linearity: 

L=Vp • tp-i-n • Xp (2) 

wherein Xp is the wavelength of the elastic wave, and n 
is an integer. In the equation (2), the first term in the 
right-hand side indicates the distance LO in Fig. 5. and 
the difference between the distance L to be determined 
and the distance LO is evidently an integral multiple of 
the wavelength Xp as shown in Fig. 5. Referring to Fig. 
5, the width T* of a step on the time axis corresponds to 
a cyde of the waveform 44, so that there stands a rela- 
tion T* = 1 /(frequency) . Also represented in the dis- 
tance, the step width corresponds to the wavelength Xp. 
Consequently the distance between the pen and the 
sensor can be determined precisely by determining the 
integer n. Based on the equations (1) and (2), the 
above-mentioned integer n can be determined from the 
following equation (3): 

n=[(Vg • tg-Vp • tp)/Xp-i-1 /N] (3) 

wherein N is a non-zero real number which can be 
selected suitably. For example, by selecting N = 2, n can 
be determined exactly even if the linearity of the group 
delay time tg is not good, as long as the error thereof is 
within ±1/2 of the wavelength. By substituting n, deter- 
mined as explained above, into the equation (2). the dis- 
tance L between the vibration input point and the 
vibration sensor 6 can be measured in precise manner. 

These equations relate to one of the vibration sen- 
sors 6. but the distances between the vibration input 
point and other plural vibration sensors can also be 
determined according to the same equations. 

(Correction for circuit delay time) 

The transmission delay time latched by the afore- 
mentioned latch contains not only the time required for 
the transmission of the vibration but also a phase circuit 
delay time etg and a group circuit delay time etp in the 
circuit (cf. Fig. 5). These delay times are always present 



in the same amounts in the measurement of transmis- 
sion of the vibration. 

Therefore, as shown in Fig. 6, the coordinate input 
device is constructed by fixing four vibration sensors 6a 

5 - 6d at the corners of a rectangular propagation layer 8. 
The distance from the original point O to for example the 
vibration sensor 6a is represented by 
Ra (=V{(X/2)'^2+(Y/2)'^2} . wherein a'^b indicates a to 
the power of b (cf. Fig. 6)). By entering the vibration at 

10 the original point O and taking the group delay time and 
the phase delay time measured in the vibration sensor 
6a respectively as tgO*. tpO*, and also taking the trans- 
mission times actually required by the vibration for prop- 
agating from the original point O to the sensor 6a in the 

15 propagation layer 8 as tgO, tpO, there stand relations: 

tgO*=tgO+etg (4) 
tpO*=tpO+etp (5) 

20 

On the other hand, the measured values at an arbi- 
trary input point P are given in a similar manner by: 

tg*=tg-i.etg (6) 

25 

tp*=tp-Hetp (7) 

By calculating the differences between the equations 
(4) and (6) and between the equations (5) and (7), there 
30 are obtained: 

tg*-tgO*=(tg-^etg)-(tgO+etg) =tg-tgO (8) 

tp*-tpO*=(tp-i-etp)-(tpO+etp) =tp-tpO (9) 

35 

In this manner the phase circuit delay time etp and 
the group circuit delay time etg contained in the vibra- 
tion transmitting time can be eliminated, and the real dif- 
ference in the transmission delay times between the 

40 original point O and the input point P. observed from the 
position of the sensor 6a. Also the difference in distance 
can be determined by applying the foregoing equations 
(1), (2) and (3). More specifically the distance between 
the vibration input point and the vibration sensor 6a can 

45 be exactly determined by calculating the distance 
according to: 

tg=tg*-tgO* (10) 

50 tp=tp*-tpO* (11) 

and also employing the equations (1). (2) and (3) and 
adding the distance from the vibration sensor 6a to the 
original point O to thus calculated value. Consequently 
55 the distance between the vibration input point and the 
vibration sensor 6a can be determined by storing the 
distance between the vibration sensor 6a and the origi- 
nal point 0 for example in a non-volatile memory in 
advance. The same principle is applicable also to other 
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vibration sensors 6b - 6d. 

(Calculation of coordinate position (Fig. 6)) 

In the following there will be explained the.principle s 
of detection of the coordinate position of the vibration 
input point on the propagation layer 8. By providing four 
vibration sensors 6a - 6d at the four corners of the prop- 
agation layer 8, as shown in Fig. 6. the linear distances 
da - dd from the vibration input point P to the vibration w 
sensors 6a - 6d can be determined according to the 
above-explained principle. Also the controller 1 can 
determine the coordinate (x. y) of the vibration input 
point P from these linear distances da - dd, according to 
the following equations based on the law of three is 
squares: 

x=(da4db) • (da-db)/2X (12) 

y=(da4<Jc) • (da-dc)/2Y (13) 20 

wherein X (capital) and Y (capital) are the distances 
between the vibration sensors 6a and 6b and between 
the vibration sensors 6c and 6d. In this manner the 
coordinate of the vibration input point can be detected 25 
on real-time basis. 

The foregoing calculation employs distance Infor- 
mation to the three sensors, but, in the present embod- 
iment there are provided four sensors, and the distance 
information of the remaining sensor is utilized for con- 30 
firming the certainty of the obtained coordinate. It is also 
possible to discard the distance information of the sen- 
sor showing the largest pen-sensor distance L (a larger 
distance L lowers the signal level and increases the 
probability of noise interference) and to calculate the 35 
coordinate with the distances of the remaining three 
sensors. Though the present embodiment has four sen- 
sors and utilizes three for the calculation of the coordi- 
nate, but geometrically the coordinate calculation is 
possible two sensors at minimum. Thus the number of 40 
the sensors is determined according to the specification 
of the product. 

The coordinate input device constructed as 
explained in the foregoing enables highly precise calcu- 
lation of the coordinate of the vibration input position. 45 
Also the use of the sheet 4 constituting the input plane 
as the vibration source enables the input of coordinate 
with a finger or an ordinary pen. instead of a particular 
coordinate designating device. 

50 

[Second embodiment] 

The structure of a coordinate input device, consti- 
tuting a second embodiment, will be explained with ref- 
erence to Fig. 7. 55 

A controller 1 controls the entire device and also 
calculates the coordinate position. A sheet driver 2 gen- 
erates vibration in a piezoelectric sheet 4. A propaga- 
tion layer 8, transmitting the vibration, is composed of a 
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transparent member, such as of glass or acrylic resin. 
When sheet 4 and the propagation layer 8 are brought 
into mutual contact by a pressure applied by an unrep- 
resented finger or a pen-shaped utensil 3. the vibration 
generated in the sheet 4 is entered into the propagation 
layer 8. 

In the present embodiment, the sheet 4 is com- 
posed of a piezoelectric transparent polymer film such 
as of polyvinylidene fluoride (PVDF) and is provided 
with transparent electrodes on both faces, wherein the 
vibration is generated by the application of an AC volt- 
age of 500 kHz with a sampling frequency of 100 kHz. 

The vibration generated in the sheet 4, when 
entered into the propagation layer 8. propagates therein 
and is reflected at the end face of the propagation layer 
8. Thus, in order to avoid (attenuate) the reflection of the 
vibration toward the central area, an antivibration mem- 
ber 7 is provided on the outer periphery of the propaga- 
tion layer 8. Also in the peripheral area of the 
propagation layer 8. there are fixed plural vibration sen- 
sors for converting mechanical vibration into electric 
signals, such as piezoelectric elements. The signals 
from the vibration sensors 6 are amplified by an ampli- 
fying circuit, not shown, and then supplied to a signal 
waveform detector 9 for signal processing, of which 
result is supplied to the controller 1 for coordinate calcu- 
lation. The details of the signal waveform detector 8 and 
the controller 1 are already explained in the first embod- 
iment. 

The piezoelectric sheet 4 is driven by the sheet 
driver 2. The driving signal for the sheet 4 is supplied 
from the controller in the form of a low-level pulse signal, 
which is amplified with a predetermined gain in the 
sheet driver 2 and then applied to the sheet 4. The drive 
signal is for example composed of an alternating volt- 
age of 500 kHz, applied with a sampling frequency of 
100 kHz. The electrical drive signal is converted by the 
sheet 4 into a mechanical ultrasonic vibration, which is 
transmitted to the propagation layer 8 when the sheet 4 
and the propagation layer 8 are brought into mutual con- 
tact under a sufficient pressure. 

The signals from the vibration sensor 6 are ampli- 
fied by unrepresented amplifiers and then supplied to 
the signal waveform detector 9 for signal processing, of 
which result is supplied to the controller 1 for coordinate 
calculation. A dot matrix display 11, composed for 
example of a liquid crystal display device, is provided 
behind the transparent propagation layer 8. By the drive 
with a display driver 10, the position of the vibration 
input point is displayed as a dot, which can be observed 
through the sheet and the propagation layer 8. Naturally 
the controller 1 may display a desired image, other than 
the input point, on the display 1 1 . 

When the vibration is detected by the vibration sen- 
sors and the transmission delay times for the vibration 
are measured, such delay times are used for calculating 
the distances between the vibration input point and the 
vibration sensors, in the same manner as in the first 
embodiment, and the coordinate of the vibration input 
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point is calculated. The controller 1 determines the posi- 
tion of the dot on the display 1 1 corresponding to thus 
calculated coordinate and effects the display. 

The above-explained configuration realizes an 
input device with satisfactory operability, allowing to s 
enter manuscript as with paper and pencil. 

The present embodiment utilizes transparent mem- 
bers for the sheet 4 and the propagation layer 8 for 
obtaining a configuration integrating the input and the 
output, but such transparent members can be dis- io 
pensed with in case the device is used as an input 
device as in the first embodiment. Consequently an 
opaque polymer film may be employed for such pur- 
pose. 

As explained in the foregoing, the coordinate input is 
device of the first and second ennbodiments is to detect 
the vibration input point or the coordinate input point by 
measuring the transmission time of the ultrasonic vibra- 
tion, without employing an exclusive pen that has been 
indispensable in the conventional method utilizing the 20 
ultrasonic vibration and enabling the input of the coordi- 
nate with any writing utensil or with a finger. This fact 
provides an excellent effect of eliminating the cable of 
the exclusive pen, which has been considered as the 
vital defect of the conventional device utilizing the ultra- 25 
sonic wave, and realizing coordinate input means of sat- 
isfactory operability. 

Also in comparison with the coordinate input 
devices of the electromagnetic induction method or the 
electrostatic coupling method, that of the ultrasonic 30 
method is comparable in the precision of coordinate cal- 
culation and is featured by a lower cost, but cannot be 
used for the input with a finger as it requires an exclu- 
sive pen. On the other hand, the device of the resistive 
film method accepts the input with a finger but is inferior 35 
in the precision of coordinate calculation, thus being 
inadequate for the purpose requiring a high precision. In 
consideration of these points, the coordinate input 
device of the foregoing embodiments has the advan- 
tages of both methods, also has a high precision of 40 
coordinate calculation and accepts the input with a fin- 
ger. For this reason the device of the second embodi- 
ment can also be utilized as a touch panel (for example 
employed in the operation panel of the cash dispensers 
and predominantly utilizing the resistive film method), 45 
and the field of application of the coordinate input 
device utilizing the ultrasonic wave can thus be drasti- 
cally widened. 

The present invention is applicable not only to a 
system consisting of plural equipment but also to an so 
apparatus consisting of a single equipment. It is natu- 
rally applicable also to a case where the present inven- 
tion is realized by the supply of a program to a system 
or an apparatus. 

As explained in the foregoing, the coordinate input ss 
device of the present invention enables the input without 
an exclusive coordinate designating utensil and realizes 
highly precise coordinate input. 

There is provided a highly precise coordinate input 



device not requiring a particular designating tool. A 
sheet, composed of a piezoelectric plate polarized in 
the direction of thickness, is superposed with a vibration 
transmitting plate, provided with vibration sensors in 
predetermined positions. The sheet generates vibration 
by a pulse signal generated by a sheet driver. When the 
sheet is pressed for example with a pen, the vibration is 
transmitted to the vibration transmitting plate from the 
pressed position, and is detected by the vibration sen- 
sors. A controller calculates the distance between the 
vibration input point and the vibration sensor, based on 
the delay time from the start of vibration to the detection. 
This operation is conducted for the plural sensors, and 
the coordinate Is calculated from thus calculated dis- 
tances. 

Claims 

1 . A coordinate input device comprising: 

a vibration member for generating vibration; 
a vibration transmitting member laminated with 
said vibration member and adapted to transmit 
the vibration from a vibration input point; and 
calculation means for detecting the vibration at 
predetermined positions on said vibration 
transmitting member and measuring the delay 
time of the vibration entered from the vibration 
input point to the detection thereof, thereby cal- 
culating the coordinate of said vibration input 
point. 

2. A coordinate input device according to claim 1. 
wherein said vibration member is a plate-shaped 
piezoelectric member polarized in the direction of 
thickness. 

3. A coordinate input device according to claim 1 or 2. 
wherein said vibration transmitting member Is lami- 
nated with said vibration member across a layer 
which transmits the vibration in a pressed position 
therein. 

4. A coordinate input device according to any of 
claims 1 to 3, wherein said vibration member and 
said vibration transmitting member are composed 
of transparent member, and further comprising dis- 
play means of which display surface is superposed 
with said vibration transmitting member. 

5. A coordinate input device according to any of 
claims 1 to 4, wherein said vibration member is 
adapted to generate vibration of such frequency 
that the vibration propagating in said vibration 
transmitting member constitutes a Lamb wave. 

6. A coordinate input device according to any of 
claims 1 to 5, wherein said vibration member is 
conrtposed of piezoelectric ceramics. 
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A coordinate input device according to claim 4, 
wherein said vibration member is composed of pol- 
yvinylidene fluoride. 
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(54) Coordinate Input device 

(57) There is provided a highly precise coordinate 
input device not requiring a particular designating tool. 
A sheet (4), composed of a piezoelectric plate polarized 
in the direction of thickness, is superposed with a vibra- 
tion transmitting plate (8), provided with vibration sen- 
sors (6) in predetermined positions. The sheet 
generates vibration by a pulse signal generated by a 
sheet driver. When the sheet (4) is pressed for example 
with a pen (3), the vibration is transmitted to the vibra- 



tion transmitting plate (8) from the pressed position, and 
is detected by the vibration sensors. A controller (1) cal- 
culates the distance between the vibration input point 
and the vibration sensor (6). based on the delay time 
from the start of vibration to the detection. This opera- 
tion is conducted for the plural sensors (6), and the 
coordinate is calculated from thus calculated distances. 
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